The potential for treating asbestos & asbestiform minerals by Berry, Terri-Ann & Wallis, Shannon
The	Potential	for	Treating	Asbestos	&	
Asbestiform	Minerals
Dr	Terri-Ann	Berry	&	Shannon	Wallis
Environmental	Solutions	Research	Centre	- Unitec	Institute	of	Technology
Scanning Electron photomicrographs (SEM) of two members of amphibole and
serpentine asbestos family, respectively (a) the crocidolite or blue asbestos, (from
Koegas, South Africa), and (b) the Canadian B chrysotile.
Asbestos	&	Asbestiform	Minerals
• “Asbestos”	is	a	
commercial/regulatory	term
• Refers	to	the	6	fibrous	silicate	minerals	that	
are	mined	for	use	in	many	products.
• Approximately	396	fibrous	minerals	
found	in	nature	(Carbone	&	Yang,	2012)
• 390	of	these	minerals	are	not	called	
asbestos.
• These	fibres	may	also	be	referred	to	
as	elongated	mineral	fibres	(EMF)	
(Carlin	et	al.,	2015)
A)	Ambler	“snow”	– asbestos	uncovered	by	vegetation	removal	at	Ambler	Piles.		
B)	Piles	of	various	asbestos	contaminated	waste	from	Rose	Valley	Creek	Banks	in	Ambler.		
C)	Bo-Rit “Asbestos	Mountain”	circa	1963.	Photographer:	Joe	Marincola (with	permission	from	Greg	Marincola);	
reproduced	with	permission	from	Springer,	Inc.	(Asbestos	and	Mesothelioma,	2017;	p.	116).
Asbestos	fibres	in	Ambler,	PA
Health	Issues	from	Asbestos
Dangerous	microscopic	fibres
• Asbestosis
• Lung	cancer
• Mesothelioma
Carcinogenic	effects	
related	to	positive	
charge	on	fibre	surface	
(e.g.	iron)	(Holmes	&	Lavkulich,	
2014)
(Kjellstrom,	2000)
Waves	of	Asbestos	Exposure
(Data	based	on	Landrigan,	1991)
Asbestos	Case	Study	– Cook	Islands
• SPREP	survey	estimated	– 3%	of	the	houses	plus	a	
significant	number	of	public	buildings	(inc. schools)	
contained	ACM	(SPREP,	2015)
• Two	schools	selected	for	reconstruction	
(contaminated	materials	and	soil)
• Purpose:
• To	challenge	the	current	choices	of	long-term	disposal	
options	for	asbestos	containing	materials	(ACM)
• Aim:
• Find	solutions	for	removal	and	disposal	(currently	no	
legislation	or	policy)	to	protect	health	as	children	most	
vulnerable	(Cooney	&	Conway,	2013)
Asbestos	Case	Study	– Cook	Islands
• Enclosing,	sealing	or	encapsulation	
may	provide	a	good	short	term	
solution	(Berry	&	Wairepo,	2015)
• Removal	and	storage	for	later	disposal	
recommended	(Berry	&	Wairepo,	2015)
• Estimated	cost	(removal	and	storage	
for	both	schools)	(Berry	&	Wairepo,	2015)
• =	US$	250,000
• Predicted	cost	for	removal	of	all	ACM	
in	the	Pacific	Islands	(Williams,	per.	comm.,	2015)
• =	US$	110million	
International	Landfill
Local	Landfill
Sea	Disposal
Geotextile	Cladding Sealing,	enclosing	
or	encapsulation
Four	Main	Options	
(Berry	&	Wairepo,	2015)
Asbestos	Case	Study	– Canberra,	Australia
(Photograph	reproduced	with	kind	
permission	from	Asbestos	Taskforce)
• “Mr	Fluffy”	Friable	asbestos	contamination	(ACT	
Auditor-General,	2016)
• Pumped	into	approx.	1,100	houses	during	1960’s-70’s	
• 1980’s	– Commonwealth	Government	began	to	
remove	asbestos	from	Commonwealth-owned	
buildings	(ACT	Auditor-General,	2016)
• Extended	to	include	approx.	65,000	homes,	with	work	
completed	in	1993
• 2014	– Local	government	taskforce	established	
(ACT	Auditor-General,	2016;	Legislative	Assembly	ACT,	2017)
• To	purchase	and	demolish	1,022	affected	houses
• Expected	net	total	cost	=	US$	235million	(after	sale	of	
land)
Potential	Asbestiform	Hazards		
• Often	erroneously	assumed	that	only	
asbestos,	and	not	other	mineral	fibres,	
causes	cancer.	
• Other	non-regulated	fibrous	minerals	which	
require	investigation	are:	(Mattioli	et	al,	2018)	
• Amphiboles	– winchite,	richterite,	fluoro-edenite;
• Minerals	species	similar	in	composition	to	asbestos	–
fibrous	antigorite;	balangeroite,	
• Further	fibrous	minerals	– fibrous	zeolites,	talc,	clay	
minerals.
• Antigorite,	offretite and	man-made	mineral	
fibres	are	being	questioned	(Baumann	et	al.,	2011;	
Mattioli	et	al,	2018;	Niklinski et	al.,	2004)	
Prisms	of	offretite,	Mont	Semiol,	Loire,	
France. Image	width	about	1.5	
mm. (Commission	on	Natural	Zeolites,	n.d.)	©	
Volker	Betz.
Exposure	to	Asbestiform	Minerals
• Exposure	to	erionite is	less	widespread	
(Carbone	et	al.,	2007;	Coffin	&	Creason,	1992;	Carbone	&	Yang,	2012)
• More	potent	than	asbestos	in	causing	mesothelioma
• Increased	urban	development	may	disturb	
outcrops	of	asbestos,	erionite,	or	soil	
containing	other	types	of	carcinogenic	
mineral	fibres.	(Carbone	et	al.,	2011a;	Carbone	et	al.,	2007;	
Paoletti et	al.,	2000,	Baumann	et	al.,	2011;	Pan	et	al.,	2005;	Maher,	2010;	
Carbone	et	al.,	2011b;	Carbone	&	Yang,	2012)
• This	could	lead	to	more	instances	of	exposure
Rowland	Flat	asbestiform	antigorite,	SEM	
secondary	electron	image	of	long	thin	fibres	
showing	variable	width	and	flexibility.	
(Keeling	et	al.,	2010)
Erionite	Toxicity	
• IARC	– identified	erionite as	a	Group	1	
carcinogen	in	1987	(Mattioli	et	al,	2018)	
• Erionite	(in	its	fibrous	form)	created	
tumours	in	rats	at	much	higher	rates	
than	any	other	fibrous	dust	(Poole	et	al.,	1983)
• Pathogenic	effect	of	mineral	dusts	
mainly	attributable	to	size	and	shape	of	
fibres	(Poole	et	al.,	1983)
• >8	µm	length,	<1.5	µm	diameter	– most	
tumourgenic
Erionite.	(Strauss,	2015)	
Toxicity	Factors
• Current	standards	for	asbestos	assume	fibres	<5	
µm	pose	no	danger	(Barlow	et	al.,	2017;	Boulanger	et	al.,	2014;	Loomis	
et	al.,	2010)
• Fibre	hazards	linked	to	size,	also	chemical	and	
physical	persistence	in	the	lung	tissue	(Mattioli	et	al,	2018)	
• In	addition	to	bio	persistence,	the	presence	and	
structural	coordination	of	iron	(Fe)	in	the	mineral	
fibres	=	key	role	in	carcinogenic	mechanisms
(Mattioli	et	al,	2018)	
• Other	properties	of	fibres	(Mattioli	et	al,	2018)	
• Trace	element	content,	specific	surface	area,	interacting	
capability,	zeta	potential,	micro-topography
Erionite	– Case	Studies
• Cappadocia	Region,	Turkey:	(Niklinski et	al.,	2004)
• Plural	and	peritoneal	mesothelioma	accounted	for	
50%	deaths	over	a	17	year	period	during	1970’s	-
1980’s
• North	Dakota: (Carbone	et	al.,	2011b;	Carbone	&	Yang,	2012)
• Air	concentrations	in	cars	and	school	buses	transiting	
on	North	Dakota	roads	were	found	to	be	equal	to	or	
greater	than	those	recorded	in	some	Turkish	villages	
that	experienced	a	6.5%	mortality	from	
mesothelioma.
Cappadocia	Region,	Turkey.	(Pratt,	2012)	- Photographer:	
Michele	Carbone,	University	of	Hawaii	Cancer	Center
Gravel	road	north	of	Killdeer	Mountain,	one	of	the	sites	
where	erionite was	found	in	gravel	(2006).	(Pratt,	2012)	
- Photographer:	Ed	Murphy,	North	Dakota	State	Geologist
Asbestos	Contaminated	Soil	– Potential	Volumes
• Approx.	200	million	tonnes	produced	since	
1900	(Vogel,	2005	(until	2000)	&	Haynes,	2010	(from	2001-2015))
• Assume	5%	of	total	asbestos	in	NZ	and 1%	
of	asbestos	reaches	soil	=	100,000	tonnes	of	
asbestos	
• Based	on	0.1%	concentration	of	asbestos	in	
soils	=	100	million	tonnes	asbestos	
contaminated	soil
Asbestos	Disposal
• Most	asbestos	contaminated	soils	sent	to	
landfill.
• Contamination	limit	(asbestos	in	soils)	–
10mg/kg	(0.001%	w/w)	(Hillman	&	Corbett,	2014)
• New	Zealand	Protocol	– buried	in	a	
designated	area	within	a	managed	refuse	
disposal	site.	
• In	accordance	with	the	Resource	Management	Act	
1991,	Health	and	Safety	in	Employment	(Asbestos)	
Regulations	2016.	(Worksafe,	n.d.)
• Australian	Protocol	– waste	taken	to	landfill	
or	waste	transfer	station	licensed	to	receive.						
(SA	Government,	n.d.)
Hazardous	Landfill	Composition
Degradation	Timeline
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Inorganic	Substances
• Asbestos	is	inorganic (contains	no	carbon)	–
silicate-based	(geologically	inert)
• Microbial	breakdown	over	very	long	
timescales	but	cannot	be	metabolised	solely	
as	it	contains	no	carbon.
• Co-metabolism	allows	breakdown	of	
compounds	which	cannot	be	used	for	growth.
Silicate-based	mineral
Asbestos
Inorganic	Mineral	Degradation
“The	dissolution	of	rocks	and	
mineral	substrates	carried	out	by	
microorganisms	and	plants	through	
mechanical	and	chemical	processes”
Bioweathering Light	(Photoautotrophs),	Chemical	(Chemotrophs)
Wastes	&	heat	energy
Energy	for	
movement	etc.
Energy	for	
biosynthesis
Carbon	&	
Nutrients
• Mineral	particles	can	be	exploited	by	microbial	metabolism	as	a	
source	of	energy	(Ehrlich,	1996)
• Microbial	breakdown	occurs	due	to	a	diverse	range	of	microbial	
communities	(Balloi et	al.,	2010),	over	very	long	timescales.
• Mixed	populations	of	fungi	more	effective	in	contaminant	
removal	than	single	cultures	(Atagana et	al.,	2003)
Lowering	Asbestos	Toxicity
• The	removal	of	iron	from	chrysotile	
asbestos	by	organic	acids	resulted	in	a	
reduction	of	carcinogenicity	(Chao,	1996)	
• Factors	affecting	the	mammalian	toxicity	
of	asbestos	fibres	including	the	positive	
charge	on	the	surface	of	the	chrysotile	
structure	(Holmes	&	Lavkulich,	2014)
Pulmonary	(lung)	
cell
Asbestos	fibre
Nucleus	
containing	DNA
Inflammatory	response H2O2 production
Oxidises	Fe	II	to	FeIII
Produces	OH●
Cellular	
damage
(Information	sourced	Pollastri et	al.,	2015;	
Chao,	1996	and	Holmes	&	Lavkulich,	2014)
Bioremediation	Communities
• In	communities,	there	is	a	mutualistic	
relationship	between	microbes	(fungi	and	
bacteria)	and	plants
• Mineral	weathering	bacteria	improve	soil	
structure	to	benefit	plants	(Puente	et	al.,	2004a,	2009b)
• Also,	microbes	have	the	ability	to	scavenge	
essential	elements	&	nutrients	that	have	
poor	bioavailability,	such	as	iron	(Mapelli et	al.,	2012;	
Calvaruso et	al.,	2010)
• In	return	plants	provide	food	(carbon	source)	
and	a	home
Plant	rhizosphere
Can	We	Bioremediate Asbestos?
Plants:
• Limit	fibre	dispersion	(Liston	&	Balkwill	et	al.,	1997)	
• Provide	a	carbon	source
• Have	a	requirement	for	iron	(Borin et	al.,	2009)
Microbes	(soil):
• Lichen	can	use	mineral	substances	as	a	
energy	source	(Ehrlich,	1996)
• Lichen	can	secrete	substances	to	liberate	
iron	from	asbestos	(Favero-Longo	et	al.,	2006)
Plants
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Landfill	vs	Bioremediation
Bioremediation
Unmanaged	disposal
Large	area	requirements
High	degradation	(slow)
Main	objective	- Treatment
Hazardous	
Landfill
Relative	controlled	disposal	
– H	&	S	requirements
Design	to	foster	degradation
Landfarming
Bioengineered	
Treatment	Process
Activated	
Landfill
Managed	disposal
Smaller	area	requirements
Little/no	degradation
Main	objective	– Public	health
Potential	Bioengineered	Treatment	Process	
Initial	PhD	design	for	trialling	the	potential	for	bioremediation
Current	&	Future	Research
Research	requires:
• Laboratory	testing	of:
• Changes	to	asbestos	
structure/toxicity/carcinogenicity
• Establishing	microbes	naturally	associated	with	
asbestos	in	NZ
• Trial	testing:
• Investigating	landfill	design	and	ideal	botanical	
options	suited	for	bioremediation
• Establish	knowledge	on:
• Coatings	which	could	be	used	to	make	asbestos	safe	
for	transport	and	burial
Conclusions
• Asbestos	disposal	is	an	increasingly	worrying	
long-term	issue.
• Investigation	is	underway	to	determine	
bioremediation	viability.	
• Does	degradation	of	asbestos	fibres	significantly	
lower	toxicity?
• International	collaborations	with	experts	from	
Fox	Chase	Cancer	Center,	University	of	Modena	
and	the	IAEG	Commission	on	NOA.
References	(1)
• Atagana,	H.I.,	Haynes,	R.J.	&	Wallis,	F.M.	(2003).		Optimization	of	soil	physical	and	chemical	conditions	for	the	bioremediation	of	creosote-contaminated	soil.		
Biodegradation.	14,	297-307.	
• Australian	Capital	Territory,	Canberra	- ACT	Auditor-General.	(2016).	The	management	of	the	financial	arrangements	for	the	delivery	of	the	loose-fill	asbestos	(Mr
Fluffy)	insulation	eradication	scheme.	Report	No.	4.
• Balloi,	A.,	Rolli,	E.,	Marasco,	R.,	Mapelli,	F.,	Tamagnini,	I.,	Cappitelli,	F.	et	al.	(2010).	The	role	of	microorganisms	in	bioremediation	and	phytoremediation	of	polluted	
and	stressed	soils.	Agrochimica,	54(6),	353-369.	
• Barlow,	C.A.,	Grespin,	M.	&	Best,	E.A.	(2017).	Asbestos	fiber length	and	its	relation	to	disease	risk.	Inhalation	Toxicology,	29(12-14),	541-554.
• Baumann,	F.,	Maurizot,	P.,	Mangeas,	M.,	Ambrosi,	J.P.,	Douwes,	J.	&	Robineau,	B.	(2011).	Pleural	mesothelioma	in	New	Caledonia:	associations	with	environmental	
risk	factors.	Environ	Health	Perspect,	119,	695-700.
• Berry,	T-A.	&	Wairepo,	D.	(2015).	Asbestos	remediation	in	the	Cook	Islands:	a	long-term	solution	for	making	schools	safer.	In	M.	Panko	&	L.	Kestle (Eds.).	Building	
Today	- Saving	Tomorrow:	Sustainability	in	Construction	and	Deconstruction	Conference	Proceedings.	6-17.	
• Borin,	S.,	Ventura,	S.,	Tambone,	F.,	Mapelli,	F.,	Schubotz,	F.,	Brusetti,	L.,	Scaglia,	B.,	D’Acqui,	L.P.,	Solheim,	B.,	Turicchia,	S.,	Marasco,	R.,	Hinrichs,	K.U.,	Baldi,	F.,	Adani,	
F.	&	Daffonchio,	D.	(2009).		Rock	weathering	creates	an	oasis	of	life	in	high	arctic	desert.		Environ.	Microbiol. 12,	293-303
• Boulanger,	G.,	Andujar,	P.,	Pairon,	J-C.,	Billon-Galland,	M-A.,	Dion,	C.,	Dumortier,	P.,	Brochard,	P.,	Sobaszek,	A.,	Bartsh,	P.,	Paris,	C.	&	Jaurand,	M-C.	(2014).	
Quantification	of	short	and	long	asbestos	fibers to	assess	asbestos	exposure:	a	review	of	fiber size	toxicity.	Environmental	Health,	13:59,	doi:	10.1186/1476-069X-
13-59.
• Calvaruso,	C.,	Turpault,	M.P.,	Leclerc,	E.,	Ranger,	J.,	Garbaye,	J.,	Uroz,	S.	&	Frey-Klett,	P.	(2010).	Influence	of	forest	trees	on	the	distribution	of	mineral	weathering	
associated	bacterial	communities	of	the	Scleroderma	citrinum mycorrhizospheres.	Appl.Environ.Microbiol,	76,	4780-4787.
• Carbone,	M.	&	Yang,	H.	(2012).	Molecular	pathways:	Targeting	mechanisms	of	asbestos	and	erionite	carcinogenesis	in	mesothelioma. Clinical	Cancer	Research,	18	
(3),	598-604.
• Carbone,	M.,	Baris,	Y.I.,	Bertino,	P.,	Brass,	B.,	Comertay,	S.,	Dogan	A.U,	et	al.	(2011b).	Erionite	exposure	in	North	Dakota	and	Turkish	villages	with	mesothelioma.	
Proc	Natl	Acad Sci	USA,	108,	13618-13623.
References	(2)
• Carbone,	M.,	Ly,	B.H.,	Dodson,	R.F.,	Pagano,	I.,	Morris,	P.T.,	Dogan U.A.	et	al.	(2011a).	Malignant	mesothelioma:	facts,	myths	and	hypotheses.	J	Cell	Physiol,	227,	44-
58.
• Carbone,	M.,	Emri,	S.,	Dogan,	A.U.,	Steele,	I.,	Tuncer,	M.,	Pass	H.I.	et	al.	(2007).	A	mesothelioma	epidemic	in	Cappadocia:	scientific	developments	and	unexpected	
social	outcomes.	Nat	Rev	Cancer,	7,	147-54.
• Carlin,	D.J.,	Larson,	T.C.,	Pfau,	J.C.,	Gavett,	S.H.,	Shukla,	A.,	Miller,	A.	et	al.	(2015).	Current	research	opportunities	to	address	environmental	asbestos	exposures.	
Environmental	Health	Perspectives,	123(8),	194-197.	https://doi.org/10.1289/ehp.1409662
• Chao,	C-C.,	Park,	S-H.,	&	Aust,	A.E.	(1996).	Participation	of	nitric	oxide	and	iron	in	the	oxidation	of	DNA	in	asbestos-treated	human	lung	epithelial	cells.	Archives	of	
Biochemistry	and	Biophysics,	326(1),	152-157.	https://doi.org/10.1006/abbi.1996.0059
• Coffin,	D.L.C.P.	&	Creason J.P.	(1992).	Relative	mesothelioma	induction	in	rats	by	mineral	fibers:	comparison	with	residual	pulmonary	mineral	fiber number	and	
epidemiology.	Inhal Toxicol,	4:3,	273-300.
• Cooney	&	Conway,	(2013).	The	danger	of	asbestos	in	schools.	PR	Newswire,	22	Jan	2013,	Academic	OneFile.
• Ehrlich,	H.L.	(1996).	How	microbes	influence	growth	and	dissolution.	Chem.Geol.,	132,	5-9
• Favero-Longo,	S.E.,	Siniscalco,	C.	&	Piervittori,	R.	(2006).		Plant	and	lichen	colonisation	in	an	asbestos	mine:	Spontaneous	bioattenuation limits	air	dispersion	of	
fibres.		Plant	Biosystems,	140,	(2),	190-205
• Haynes,	R.C.	(2010).		A	worn-out	welcome:	renewed	call	for	a	global	ban	on	asbestos.		Environmental	Health	Perspectives,	118	(7),	a298.
• Hillman,	C.,	&	Corbett,	J.	(2014).	Asbestos	in	soil	– When	the	New	Zealand	regulations	apply.	WasteMINZ.	
• Holmes,	E.	P.,	&	Lavkulich,	L.	M.	(2014).	The	effects	of	naturally	occurring	acids	on	the	surface	properties	of	chrysotile	asbestos.	Journal	of	Environmental	Science	
and	Health,	Part	A,	49(12),	1445-1452.	
• Kjellstrom,	T.,	Smartt,	P.	(2000).	Increased	mesothelioma	incidence	in	New	Zealand:	the	asbestos	cancer	epidemic	has	started.	New	Zealand	Medical	Journal,	113,	
485-490.
• Landrigan PJ	(1991)	The	third	wave	of	asbestos	disease:	exposure	to	asbestos	in	place–Public	health	control.	Introduction.	Ann	N	Y	Acad Sci 643:xv–xvi.
References	(3)
• Liston,	R.J.	&	Balkwill,	H.	(1997).		Suitability	of	serpentine	plants	for	the	revegetation	of	chrysotile	asbestos	tailings.		In:	Jaffre,	T.,	Reeves,	R.D.,	Becquer,	T.	(Eds).		
The	ecology	of	ultramafic	and	metalififerous area.		Proceedings	of	the	2nd International	Conference	on	Serpentine	Ecology.	Noumea:	ORSTROM,	pp275-283.
• Loomis,	D.,	Dement,	J.,	Richardson,	D.	&	Wolf,	S.	(2010).	Asbestos	fibre	dimensions	and	lung	cancer	mortality	among	workers	exposed	to	chrysotile.	Occup Environ	
Med,	67,	580-584.	
• Maher,	B.	(2010).	Epidemiology:	fear	in	the	dust.	Nature,	468,	884-885.
• Mapelli,	F.,	Marasco,	R.,	Balloi,	A.,	Rolli,	E.,	Cappitelli,	F.,	Daffonchio,	D.	&	Borin,	S.	(2012).		Mineral-microbe	interactions:	Biotechnological	potential	of	
bioweathering.	Biotechnology,	157,	473-481.
• Mattioli,	M.	et	al.	(2018).	Prismatic	to	asbestiform	offretite from	Northern	Italy:	Occurrence,	morphology	and	crystal-chemistry	of	a	new	potentially	hazardous	
zeolite.	Minerals,	8(2),	DOI:	10.3390/min8020069
• Niklinski,	J.	et	al.	(2004).	The	epidemiology	of	asbestos-related	diseases.	Lung	Cancer,	45S,	S7-S15.
• Pan,	X.L.,	Day,	H.W.,	Wang,	W.,	Beckett,	L.A.	&	Schenker,	M.B.	(2005).	Residential	proximity	to	naturally	occurring	asbestos	and mesothelioma	risk	in	California.	Am	J	
Respir	Crit Care	Med,	172,	1019-1025.
• Paoletti,	L.,	Batisti,	D.,	Bruno,	C.,	Di	Paola,	M.,	Gianfagna,	A.,	Mastrantonio,	M.	et	al.	(2000).	Unusually	high	incidence	of	malignant	pleural	mesothelioma	in	a	town	
in	eastern	Sicily:	an	epidemiological	and	environmental	study.	Arch	Environ	Health,	55,	392-398.
• Pollastri,	S.,	D-Acapito,	F.,	Traparianti,	A.,	Colantoni,	I.,	Andreozzi,	G.B.	&	Gualtieri,	A.F,	2015.	The	chemical	environment	of	iron	in	mineral	fibres.	A	combined	X-ray	
absorption	and	Mössbauer spectroscopic	study
• Poole,	A.,	Brown,	R.C.,	Turver,	C.J.,	Skidmore,	J.W.	&	Griffiths,	D.M.	(1983).	In	vitro genotoxic	activities	of	fibrous	erionite.	Br.	J.	Cancer,	47,	697-705.
• Puente,	M.E.,	Li.C.Y.,	Bashan,	Y.	(2004a).		Microbial	populations	and	activities	in	the	rhizoplane	of	rock-weathering	desert	plants.	1.Growth	promotion	of	cactus	
seedlings.	Plant	Biol.	6,	643-650.	
• Puente,	M.E.,	Li.C.Y.,	Bashan,	Y.	(2009b).		Endophytic	bacteria	in	cacti	seeds	can	improve	the	development	of	cactus	seedlings	.	Environ	Exp.	Bot.	66,	402-408.
References	(4)
• SA	Government.	(n.d.).	Where	to	dispose	of	asbestos.	Retrieved	from	http://www.asbestos.sa.gov.au/where.html
• Secretariat	of	the	Pacific	Regional	Environmental	Programme (SPREP).	(2015).	Survey	of	the	regional	distribution	and	status	of	asbestos	
contaminated	construction	material	and	best	practice	options	for	its	management	in	Pacific	Island	countries.
• The	Legislative	Assembly	for	the	Australian	Capital	Territory.	(2017).	Quarterly	Report:	Implementation	of	the	loose	fill	asbestos	insulation	
eradication	scheme.	Presented	by	Gentlemen,	M.,	MLA,	Minister	for	Planning	and	Land	Management,	Canberra.
• Vogel,	L.	(2005).	Asbestos	in	the	world,	HESA	Newsletter,	June	2005,	27,	7-21.	Retrieved	from	
https://www.etui.org/.../file/Special+report+Asbestos+in+the+world.pdf
• Williams,	S.	per.	comm.,	(24th June	2015).
• Worksafe.	(n.d.).	Section	11	– Storage,	labelling	and	disposal	of	asbestos.	Retrieved	from	
http://www.business.govt.nz/worksafe/information-guidance/all-guidance-items/new-zealand-guidelines-for-the-management-and-
removal-of-asbestos-3rd-edition/storage-labelling-and-disposal-of-asbestos
• Pratt,	S.	(2012).	American	Geoscientists	Institute.	Dangerous	dust:	Erionite - an	asbestos-like	mineral	causing	a	cancer	epidemic	in	Turkey	- is	
found	in	at	least	13	states.	Retrieved	from	https://www.earthmagazine.org/article/dangerous-dust-erionite-asbestos-mineral-causing-
cancer-epidemic-turkey-found-least-13
• Strauss,	A.	(2015).	Erionite-Induced	Malignant	Mesothelioma:	Is	it	Different?	Retrieved	from	https://survivingmesothelioma.com/erionite-
induced-malignant-mesothelioma-is-it-different/
• Commission	on	Natural	Zeolites.	(n.d.).	Offretite.	Retrieved	from	http://www.iza-online.org/natural/Datasheets/Offretite/offretite.htm
• Keeling,	J.L.,	Raven,	M.D.,	&	Self,	P.G.	(2010).	Asbestiform	antigorite	– implications	for	the	risk	assessment	of	fibrous	silicates.	Extended	
Abstracts	– 21st	Australian	Clay	Minerals	Conference	– Brisbane,	August	2010.	p87-90.
